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A high-performance liquid chromatography method for the determination of seventeen free 
proteinogenic amino acids (FPAA) in soil solutions is described. Sample preparation involves obtaining 
soil solution and pre-column derivatization of free amino acids using phenyl isothiocyanate. Phenyl 
thiocarbamyl derivatives are separated on a reversed-phase column by using linear gradient elution 
with 140 mM sodium acetate buffer solution (pH 6.0) contained 0.05% triethylamine as mobile phase A 
and acetonitrile-water (60:40,v/v) as mobile phase B. The described method showed adequate linearity, 
recovery values, limits of detection, and suitable for the determination of FPAA in soil solutions. 
Keywords: amino acid derivatization, soil solution, free amino acids, amino acids in soil, phenyl 
isothiocyanate, HPLC.
Определение свободных протеиногенных аминокислот  
почвенного раствора методом ВЭЖХ  
с предколоночной дериватизацией фенилизотиоцианатом
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Описан способ определения семнадцати свободных протеиногенных аминокислот почвенного 
раствора методом высокоэффективной жидкостной хроматографии. Пробоподготовка 
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включает в себя получение почвенного раствора и предколоночную дериватизацию свободных 
аминокислот фенилизотиоцианатом. Хроматографическое разделение производных 
аминокислот проводили на обратнофазной колонке в линейном градиенте при использовании 
системы, состоящей из буфера, приготовленного добавлением 0,5 мл/л триэтиламина 
к 0,14 М ацетату натрия (pH 6,0) и смеси ацетонитрил-вода (60:40). Описанный способ 
имеет удовлетворительные аналитические характеристики и приемлем для определения 
концентраций свободных протеиногенных аминокислот в почвенном растворе.
Ключевые слова: дериватизация свободных аминокислот, почвенный раствор, свободные 
аминокислоты.
Introduction
Concentrations of free proteinogenic amino acids (FPAA) in soil solutions are important factors 
to determine [1, 2]. For this purpose the HPLC method is used, which is a powerful tool in the analysis 
of many components in soil solution (organic acids, sugars, amino acids, etc.) [1, 3-6].
However, the determination of free amino acids (FAA) can be complicated by the influence of the 
complex sample matrixes of the sample [7, 8]. The soil solution is also a complex system and has a large 
number of organic and mineral components [9, 10], which can affect the results of the quantification. 
Besides, in order to effectively detect amino acids with ultraviolet or fluorescence detectors, they are 
usually requires a chemical modification (derivatization) step [11]. Phenyl isothiocyanate (PITC) is one 
of the most widely used reagents for the derivatization of FAA in biological fluids (blood plasma, root 
exudates et al.) [7, 12, 13]. It reacts with primary and secondary amino acids and gives the consistent 
phenyl thiocarbamyl (PTC) derivatives that can be detected by the UV-detector on wavelength of 254 
nm [14].
In this paper, we describe a method for qualitative and quantitative determination of FPAA in soil 
solutions by HPLC with pre-column PITC derivatization. 
Experimental
Chemicals
L-Amino acids, phenyl isothiocyanate (PICT) and triethylamine purchased from Sigma (St. 
Louis, MO, USA). HPLC-grade acetonitrile and methanol were from Component Reactive (Moscow, 
Russian). Reagent-grade sodium acetate, sodium phosphate, glacial acetic acid and hydrochloric 
acid were from Ecopharm (Kazan, Russian). Water was obtained using a Milli-Q water system from 
Millipore (Bedford, MA, USA).
soil sampling, soil solution Obtaining and Preparation of standards
Soil samples were obtained from A horizons of Haplic Luvisol (classified according to WRB soil 
classification system) [15] in the Tytushsky region of the Republic of Tatarstan, Russian (55°68´ N, 
49°13´ E). Air dried and sieved finer than 1 mm samples (20 g) were placed into a plastic tube (11 cm 
diameter and 7 cm high) and saturated with 6 mL of Milli-Q water. After 72 hour of incubation at room 
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temperature soil solutions were obtained by vacuum through a filter paper. Extracted solutions were 
filtered by a 0.22-μm pore membrane.
A stock solution containing a mixture of 18 amino acid standards was prepared in 0.1 M HCl at 
an individual concentration of 2.5 mmol L−1. Calibration solutions at different concentrations (1.5, 7.5, 
15, 30, 120, 300, 600 μmol L−1) were prepared by serially diluting appropriate amounts of the stock 
solution with 0.1 M HCl. 
Derivatization
The pre-column derivatization procedure used was a modified version of the reported Refs.[11,14]. 
A standard solution (20 μL) or 400 μL of soil solution was dried under vacuum at 65°C in small plastic 
tube (10 × 50 mm). The dry residue was neutralized by adding 30 μL of a 2:2:1 mixture of methanol-
triethylamine-water (v/v), mixing well and drying under vacuum. Derivatization was performed by 
adding 30 μL of a mixture of 7.5:1:1:0.5 methanol- triethylamine-water-PITC (v/v). The tubes were 
mixed well and allowed to stand at room temperature for 20 min. After derivatization, the tubes were 
vacuum-dried at 45°C. Prior to injection, the residue was resuspended with 300 μL of 5 mM sodium 
phosphate buffer (pH 7.4) contained 5% acetonitrile and filtered through 0.22-μm pore membrane.
Instrumentation and Chromatographic Conditions
The HPLC analysis was carried out on a Flexar HPLC system (Perkin Elmer, USA) which consisted 
of a Flexar Binary LC Pump and a Flexar UV/Vis detector. Separation of amino acid derivatives was 
performed on a Brownlee Analytical C18 column, 150 mm × 4.6 mm, 5 μm (Perkin Elmer, USA). 
PTC derivatives of amino acids are separated on a reversed-phase column by using linear gradient 
elution with 140 mM sodium acetate buffer solution (adjusted to pH 6.0 with glacial acetic acid) 
contained 0.05% triethylamine as mobile phase A and acetonitrile-water (60:40,v/v) as mobile phase 
B. The gradient elution program is shown in Table I. Wavelength of UV/Vis-detector was 254 nm, and 
the injection volume was 20 μL.
Results and discussion
The overall time required for the analysis of one sample of soil solution is 72 min, of which 35 min 
is spent on the derivatization step and 37 min - on the chromatographic separation. A typical calibration 
standard chromatogram containing 7.5 μmol L−1 of each amino acid (each peak corresponds to 10 pmol 
Table 1. Gradient elution program for the separation of PTC derivatives of amino acids
Time (min) % Eluent A % Eluent B
0 90 10
14.0 70 30
24.0 52 48
30.0 0 100
34.0 0 100
37.0 90 10
Table 2. Precision of measurement, recoveries and detection limits obtained for each amino acid (n=6)
Amino acid Precision ofmeasurement CV a (%) Recovery (%)
Detection limit  
(pmol amino acid injected to column)
Asp ac 0.47 76.0 0.33
Glu ac 0.63 90.3 0.42
Asn 1.05 110.1 0.25
Ser 1.94 101.7 0.33
Gln 1.11 94.9 0.32
His 0.98 97.7 0.46
Arg 0.45 99.5 0.48
Thr 0.55 97.2 0.35
Ala 0.99 107.9 0.48
Pro 1.23 102.1 0.43
Tyr 1.11 107.1 0.39
Val 1.15 109.7 0.25
I-leu 0.86 105.7 0.38
Leu 0.90 102.2 0.35
Phe 1.54 106.7 0.40
Trp 1.90 107.3 0.22
Lis 1.87 93.1 0.32
a Coefficient of variation (calculated from the ratios of peak area)
Table 3. Concentrations of free proteinogenic amino acids in soil solution
Amino acid Concentrationsa (μmol L−1, n = 6)
Asp ac 3,10±0.06
Glu ac 8.15±0.37
Asn 0,71±0.17
Ser 8.61±3.63
Gln BQLb
His 4.03±0.090
Arg 8.78±0.05
Thr 10.68±0.09
Ala 15.21±0.29
Pro 6.02±0.63
Tyr 24.75±0.74
Val 11.56±0.16
I-leu 3.20±0.34
Leu 4.27±0.09
Phe 2.25±0.14
Trp 0.66±0.14
Lys 0.51±0.018
TPFAAc 112,46±7.09
a The concentrations are presented as mean ± standard deviation
b below the limit of quantification
c Total proteinogenic free amino acids
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of amino acid) appears in Fig. 1a. The column gradient elution program described in [11] has been 
optimized for the separation of amino acids on the Brownlee Analytical C18 column (150 mm × 4.6 mm, 
5 μm) and provided in Table 1.
The validation of analytical procedure was performed according to EURACHEM [16]. Linearity 
of the peak areas for different concentrations, ranging from 2 - 800 picomoles of individual amino 
acids (calibration solutions containing 1.5 - 600 μmol L−1 of each amino acid) were determined. 
Correlation coefficients for these data exceeded 0.987. Recoveries of amino acids from soil solutions 
were evaluated by measuring the concentration of each amino acid in soil solution spiked with three 
Fig. 1. Chromatograms of (a) PTC derivatives of amino acids in a standard solution containing 7.5 μmol L−1 of 
each amino acid; (b) soil solution. Peak identification (1) aspartic acid (Asp ac), (2) glutamic acid (Glu ac), (3) 
asparagine (Asn), (4) serine (Ser), (5) glutamine (Gln), (6) histidine (His), (7) arginine (Arg), (8) threonine (Thr), 
(9) alanine (Ala), (10) proline (Pro), (11) tyrosine (Tyr), (12) valine (Val), (13) isoleucine (I-leu), (14) leucine (Leu), 
(15) phenylalanine (Phe), (16) tryptophan (Trp), (17) lysine (Lys)
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different levels (7.5, 30, 300 μmol L−1) of standard solution. The recoveries were ranged from 90.3% to 
109.7% for most of amino acids (Table 2). For aspartic acid it was around 76%. In order to receive much 
higher recoveries of aspartic acid, suggested to use a nitrogen stream rather than heating under vacuum 
to drive off the excess derivatization reagent [11]. The high recoveries of most amino acids shows, that 
matrices of obtained soil solutions did not have a significant effect on the derivatization step, but it is 
possible, the PITC method can be affected by high concentrations of salts in solutions [8], obtained, for 
example, from saline soils. The detection limit values for free amino acids were low, between 0.22 and 
0.48 pmol of amino acid injected to column (14.6-32 nmol L−1 of soil solution). The average recoveries 
(n=6), the detection limits (signal-to-noise ratio=3) and the precision of measurements (for 30 μmol 
L−1 of standard solution) of 17 amino acids are shown in Table 2. Intraday (n=6) and interday (n=3) 
precision values not exceeded 9%. (n =6).
In soil solutions except proteinogenic amino acids there are a lot of other organic components 
(aminosugars, nonproteinogenic amino acids), which can react with PITC [7, 17], giving the derivatives 
that can be detected by the UV-detector and appearing on the chromatogram as peaks. Thus, despite 
a large number of unknown peaks the column gradient elution program allowed to determine all 17 
amino acids in educated soil solutions (Fig.1b). However, the content of glutamine has been below the 
determination limit. The total free proteinogenic amino acid (TFPAA) concentrations in soil solutions 
was 112.4±7.09 μmol L−1, which is consistent with the studies [1, 18]. The major amino acids were 
tyrosine and alanine (22.0 and 13.5% respectively from TFPAA).
Conclusion
The method described in this paper was suitable for determining free proteinogenic amino acids 
in soil solutions. It includes soil solution obtaining, pre-column derivatization of free amino acids 
with PITC, and determination PTC derivatives of amino acid with HPLC. Matrices of educated soil 
solutions did not have a significant effect on the quantitative determination results. 
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